Introduction
The human gut includes approximately 10 14 microorganisms, known as the intestinal microbiota, and contains four main phyla: Firmicutes, Bacteroidetes, Actinobacteria and Proteobacteria [1] . This microbial ecosystem contributes to the host's health [1] [2] [3] but may also be involved in human disease [1, 4, 5] .
Because intestinal conditions are difficult to reproduce in the laboratory, particularly a strongly reduced environment with a quasi absence of oxygen, most of this microbial universe has not yet been cultivated [1] . However, strict anaerobic microbes should not be neglected because they are the mainstay of the healthy mature anaerobic gut microbiota indispensable for a healthy life [6] . Several studies have already been conducted to identify the microorganisms included in this ecosystem by using both culture methods and culture-independent methods, such as sequencing of the gene encoding 16S ribosomal RNA and metagenomics. The latter sheds light on several unknown microorganisms. However, genomics identifies DNA or RNA sequences but not living microbes.
Recently in our laboratory the culturomics and taxonogenomics approaches were established to unravel gut microbiota diversity while overcoming biases associated with culture-independent techniques. Through this innovative strategy associating several culture conditions, mass spectrometry and molecular biology, more than 200 new species have been isolated from the human gut [7] . Using this approach, we isolated for the first time Prevotella phocaeensis strain SN19 T (= CSUR P2259 = DSM 103364) from the gut of a woman infected by Clostridium difficile. Here we describe its phenotypic features along with the genome annotation and comparison with the closest species.
Material and Methods
Sample information A stool specimen was collected from an 81-year-old white woman with Clostridium difficile infection (toxin B, ribotype 027 negative) at La Timone hospital (Marseille, France) in November 2015. The stool sample was collected in sterile plastic containers and stored at −80°C once aliquots were made. Consent was obtained, and the study was approved by the Institut Fédératif de Recherche 48 (Faculty of Medicine, Marseille, France) under agreement number 09-022. The patient was treated with metronidazole; the outcome was a full recovery and no relapse.
Growth conditions
Growth of this isolate was obtained after 5 days' incubation in a 5% sheep's blood-and 5% rumen-enriched medium in anaerobic atmosphere at 37°C. This isolate was then subcultured on 5% sheep's blood-enriched Columbia agar (COS; bioMérieux, Marcy l'Etoile, France). The growth environment of strain SN19 T was determined by testing different temperatures (25, 28, 30 , 37 and 56°C) in aerobic and anaerobic (anaeroGEN; Oxoid, Thermo Scientific, Dardilly, France) conditions. Salinity (5-100 g/L) and pH (6-8.5) were also tested.
Strain identification
Matrix-assisted desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) analysis of strains SN19 T was performed on a MicroFlex mass spectrometer (Bruker Daltonics, Leipzig, Germany) as previously described [8] . The acquired spectrum was then loaded into the MALDI Biotyper Software (Bruker) and analyzed as previously described [8] by using the standard pattern-matching algorithm, which compared the spectrum acquired with that present in the library (Bruker database and ours, constantly updated), including 7463 species. Score values of 1.7 but <2 indicated identification beyond the genus level, and score values of 2.0 indicated identification at the species level. Scores of <1.7 were interpreted as not relevant. In this case, we performed the 16S rRNA gene sequencing. For DNA extraction, we used the EZ1 DNA Tissue Kit using Biorobot EZ1 Advanced XL (Qiagen, Courtaboeuf, France). The amplification of the 16s rRNA gene was carried out using PCR technology and universal primers FD1 and RP2 [8] (Eurogentec, Angers, France). Then we realized the purification, sequencing and assembly of the amplified products as previously described [9] . Sequences of 16S rRNA genes were confronted with those which are available in GenBank by BLASTn (Basic Local Alignment Search Tool) (http://www.ncbi. nlm.nih.gov/GenBank/). When the percentage of identity was <98.7%, the studied strain was considered to be a new species [10] .
Phylogenetic analysis
A custom Python script was used to automatically retrieve all species from the same family of the new species and download 16S sequences from National Center for Biotechnology Information (NCBI) by parsing NCBI eUtils results and the NCBI taxonomy page. It only keeps sequences from type strains. In case of multiple sequences for one type strain, it selects the sequence obtaining the best identity rate from the BLASTn alignment with our sequence. The script then separates 16S sequences in two groups: one containing the sequences of strains from the same genus (group a), and one containing the others (group b). It only keeps the 15 closest strains from group a and the closest one from group b. If it is impossible to get 15 sequences from group a, the script selects more sequences from group b to get at least nine strains from both groups.
Phenotypic and biochemical characterization
Biochemical characterization and sporulation. For biochemical characterization of strain SN19 T , we used gallery API. ZYM, API Rapid ID 20NE and API 50CH (bioMérieux) according to the manufacturer's instructions. Then we tested catalase (bioMérieux) and oxidase (BD BBL DrySlide; Becton Dickinson, Franklin Lakes, NJ, USA) activities. To determine sporulation, thermal shock was performed on a bacterial suspension of this strain at 80°C for 20 minutes; then this suspension was seeded Columbia blood agar. Incubation was done for 72 hours under anaerobic conditions at different temperatures: 28, 37, 42 and 56°C.
Fatty acid methyl ester (FAME) analysis by gas chromatography/ mass spectrometry (GC/MS). Cellular FAME analysis was performed by GC/MS. Two samples were prepared with approximately 30 mg of bacterial biomass per tube collected from several culture plates. FAME were prepared as described by Sasser [11] . GC/MS analyses were carried out as previously described [12] . Briefly, fatty acid methyl esters were separated using an Elite 5-MS column and monitored by mass spectrometry (Clarus 500-SQ 8 S; Perkin Elmer, Courtaboeuf, France). A spectral database search was performed using MS Search 2.0 operated with the Standard Reference Database 1A (National Institute of Standards and Technology, Gaithersburg, USA) and the FAMEs mass spectral database (Wiley, Chichester, UK).
Microscopy. Mobility and Gram staining of strain SN19
T were determined using an optical microscope (Leica, Wetzlar, Germany) with a 40× and 100× oil-immersion objective lens, respectively. In order to observe the cells' morphology, they were fixed with 2.5% glutaraldehyde in 0. The mate pair library was prepared with 1.5 μg of gDNA using the Nextera mate pair Illumina guide. The gDNA sample was simultaneously fragmented and tagged with a mate pair junction adapter. The pattern of the fragmentation was validated on an Agilent 2100 BioAnalyzer (Agilent Technologies, Santa Clara, CA, USA) with a DNA 7500 labchip. The DNA fragments ranged in size from 1.5 to 11 kb, with an optimal size at 7.472 kb. No size selection was performed, and 600 ng of tagmented fragments were circularized. The circularized DNA was mechanically sheared to small fragments with an optimal at 954 bp on the Covaris device S2 in T6 tubes (Covaris, Woburn, MA, USA). The library profile was visualized on a High Sensitivity Bioanalyzer LabChip (Agilent Technologies), and the final concentration library was measured at 6.08 nmol/L. The libraries were normalized at 2 nM and pooled. After a denaturation step and dilution at 15 pM, the pool of libraries was loaded onto the reagent cartridge and then onto the instrument along with the flow cell. Automated cluster generation and sequencing run were performed in a single 39-hour run at a 2 × 151 bp read length. The total information of 2.9 Gb was obtained from a 297K/mm 2 cluster density with a cluster passing quality control filter of 97% (5 808 000 passing filter paired reads). Within this run, the index representation for strain SN19 T was determined at 8.47%. The 492 215 paired reads were trimmed.
Genome annotation and comparison
Open reading frames (ORFs) were predicted using Prodigal [13] with default parameters, but the predicted ORFs were excluded if they spanned a sequencing gap region (contain N). The predicted bacterial protein sequences were searched against the Clusters of Orthologous Groups (COGs) using BLASTP (Basic Local Alignment Search Tool; E value 1e-03, coverage 0.7 and identity percentage 30%). If no hit was found, it was searched against the NR database using BLASTP with E value of 1e-03 coverage 0.7 and an identity percentage of 30%, and if the sequence length was smaller than 80 aa, we used an E value of 1e-05. The tRNAScanSE tool [14] was used to find tRNA genes, whereas ribosomal RNAs were found by using RNAmmer [15] . Lipoprotein signal peptides and the number of transmembrane helices were predicted using Phobius [16] .
ORFans were identified if all the BLASTP performed did not give positive results (E value smaller than 1e-03 for ORFs with a sequence size larger than 80 aa or an E value smaller than 1e-05 for ORFs with sequence length smaller than 80 aa). Such parameter thresholds have already been used in previous studies to define ORFans. Genomes were automatically retrieved from the 16S RNA tree using Xegen software (PhyloPattern) [17] . For each selected genome, the complete genome sequence, proteome genome sequence and ORFeome genome sequence were retrieved from the NCBI's FTP site. All proteomes were analyzed with proteinOrtho [18] . Then for each couple of genomes a similarity score was computed. This score is the mean value of nucleotide similarity between all couple of orthologues between the two genomes studied (average genomic identity of orthologous gene sequences, AGIOS) [19] . An annotation of the entire proteome was performed to define the distribution of functional classes of predicted genes according to the clusters of orthologous groups of proteins (using the same method as for the genome annotation). To evaluate the genomic similarity among studied Prevotella strains, we determined two parameters, digital DNA-DNA hybridization (DDH), which exhibits a high correlation with DDH [20, 21] and AGIOS [19] , which was designed to be independent from DDH. Annotation and comparison processes were performed in the Multi-Agent software system DAGOBAH [22] , which includes Figenix [23] libraries that provided pipeline analysis. The genome of strain SN19
T was compared with the one of closest species such as Prevotella oralis (AEPE00000000), Prevotella micans (BAKH00000000), Prevotella stercorea (AFZZ00000000), Prevotella timonensis (CBQQ000000000), Prevotella shahii (BAIZ00000000), Prevotella loescheii (ARJO00000000), Prevotella saccharolytica (BAKN00000000), Prevotella oulorum (ADGI00000000) and Prevotella marshii (AEEI00000000). (Fig. 3) .
Results

Classification and features
Phenotypic description. Prevotella phocaeensis strain SN19 T grew at 37°C on Colombia agar (with 5% sheep's blood) after 5 days in blood culture bottles enriched with rumen fluid (5%) and blood (5%) in anaerobic conditions. No growth occurred under aerobic conditions at 37°C and aerobic and anaerobic conditions at 28, 42 and 56°C. P. phocaeensis strain SN19 T is strictly anaerobic and grows at 37°C. Bacterial cells tolerate a pH of 6 to 8.5 and an amount of NaCl of 0 to 5g/L. They were nonmotile and not sporulating at 37°C. Colonies were haemolytic, circular, small, white and irregular with a diameter of about 1 to 1.5 mm on blood-enriched Colombia agar. The Gram staining showed few Gram-negative rods (Fig. 4(A) ). Bacterial cells observed under electron microscopy were sticks, ranging in length from 1.7 to 2 μm (Fig. 4(B) ). Catalase and oxidase activities were negative for P. phocaeensis strain SN19
T . Using API ZYM, positive reactions were observed for alkaline phosphatase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, β-galactosidase, β-glucuronidase, β-glucosidase and N-acetyl-β-glucosaminidase. This bacterium is resistant to ciprofloxacin and fosfomycin but susceptible to imipenem, penicillin, teicoplanin, gentamicin, rifampicin, ceftriaxone, clindamycin, colistin, doxycycline, erythromycin, oxacillin, metronidazole and trimethoprim/sulfamethoxazole. Phenotypic characteristics of strain SN19 T were compared to those of the closely related Prevotella species (Table 2) . By comparison with Prevotella oralis, its phylogenetically closest neighbor, it differs in motility, L-arabinose, glucose, fructose and lactose. Concerning the fatty acid methyl ester analysis by GC/MS, the major fatty acid was hexadecanoic acid (16:0, 29%). Several branched structures and specific 3-hydroxy fatty acids are also described. Cellular fatty acid profile of strain SN19
T was also compared with closely related Prevotella species (Table 3) .
Genomic characterization and comparison
Genome properties. The genome is 2 922 117 bp long with 44.6% of G+C content (Fig. 5) . It is composed of 12 scaffolds (composed of 13 contigs). Of the 2486 predicted genes, 2430 were protein-coding genes and 56 were RNAs (three genes are 5S rRNA, one gene is 16S rRNA, three genes are 23S rRNA and 49 genes are tRNA genes). A total of 1403 genes (57.74%) were distributed in putative function (by COGs or by NR BLAST). Twelve genes were identified as ORFans (0.49%). The
FIG. 2. Phylogenetic tree highlighting position of Prevotella phocaeensis strain SN19
T relative to others of Prevotellaceae family. Sequences were aligned using Muscle 3.8.31 with default parameters, and phylogenetic inferences were obtained using neighbour-joining method with 500 bootstrap replicates within MEGA6 software. Only bootstraps >95% are shown. Scale bar represents 1% nucleotide sequence divergence. 1662, 1404, 1269, 1254 and 1236 orthologous genes with P. micans, P. stercorea, P. timonensis, P. shahii, P. oralis, P. loescheii, P. saccharolytica, P. oulorum and P. marshii respectively (Table 6) . AGIOS values vary from 56.79% between P. saccharolytica and P. stercorea, to 80.98 between P. loescheii and P. shahii among compared genomes except for strain SN19 T . When this one was compared with other species within the Prevotella genus, values ranged from 58.13 with P. stercorea to 76.50 with P. oralis, thus confirming its new species status (Table 6 ). Table 7 shows the pairwise comparison of strain SN19 T with other Prevotella species using the Genome-to-Genome Distance Calculator. Fig. 6 shows the distribution of functional classes of predicted genes on the chromosomes of strain SN19 T and related species of Prevotella genus according to the COGs of proteins. It demonstrates that the distribution of genes into COGs categories is similar in all compared Prevotella species.
Discussion and Conclusion
Strain SN19 T was isolated from the stool sample of an 81-yearold white woman who was a patient at La Timone Hospital diagnosed with C. difficile colitis with good outcome without faecal microbiota transplantation. On the basis of phenotypic, genomic and phylogenetic characteristics, we have isolated a new species, strain SN19 T , within the genus Prevotella, whose closest species is Prevotella oralis. These results and the divergence of the 16s rRNA gene sequence with the closest species confirms that SN19 T strain is a new species. Also, genomic analysis identified 12 ORFans (Table 4) and at least 768 (31.6%) of 2430 orthologous proteins genes not shared with the closest phylogenetic neighbor, Prevotella oralis (Table 6 ), supporting the description of a new species. Strain SN19 T differs from the phylogenetically closest species by its mobility, its major fatty acids and its inability to use certain sugars including mannose, glucose, fructose, maltose and lactose ( Table 2 ), suggesting that they are different species. The composition of the intestinal microbiota shows an abundance of bacteria belonging to Firmicutes and Bacteroidetes phyla. In Bacteroidetes, there is a predominance of Bacteroides and Prevotella. Prevotella are more prevalent in populations with plant-based diet, suggesting that it contributes to their catabolism in the human gut. Possibly as a result of its link to a vegetarian diet, Prevotella is found less often in the Western population; Prevotella species in this population are mostly found in the oral cavity [31, 32] . Moreover, Arumugam et al. [33] reported the existence of enterotypes in the human microbiome including Prevotella as a main contributor of one of these enterotype regardless of age, sex or origin. The enterotype Prevotella varies greatly in number of species and functional composition.
In addition, the abundance of Prevotella in a body habitat is correlated by an improvement in glucose metabolism [34] . However, the presence of Prevotella in the human gut was also linked to inflammation [35] . Further studies are needed in order to decipher the role of Prevotella phocaeensis in health and diseases and particularly plant catabolism, glucose regulation and its interaction with Clostridium difficile in the human gut.
Some cases of Clostridium difficile infection were treated by transplantation of faecal microbiota [36] . Maybe the presence of P. phocaeensis, a probable member of the human mature anaerobic gut microbiota [6] , explains the good outcome of the patient with Clostridium difficile infection. Therefore, considering phenotypic differences with the closest species, the proteomic profile obtained with MALDI-TOF MS of strain SN19 T , its phylogenetic analysis of the 16S nov. (= CSUR P2259 = DSM 103364). Finally, we showed here that culturomics and taxonogenomics dramatically extend the discovery of human mature anaerobic gut microbiota previously associated with gut maturation and health [6] .
Description of Prevotella phocaeensis sp. nov. Prevotella phocaeensis (pho.cae.en 0 sis, L. fem. adj. phocaeensis, 'of Phocaea,' the Latin name of Marseille, adapted from the first Greek name of Marseille, Phokaia, where the strain was isolated). Strict anaerobic, Gram-negative, oxidase and catalase negative, not endospore forming, and with nonmotile rods, the colonies are haemolytic, circular, small and white, and have a diameter of about 1 to 1.5 mm on Columbia agar + 5% sheep's blood. Strain SN19 T grows at 37°C after 72 hours of incubation and tolerates a pH of 6 to 8.5 and an amount of NaCl of 0 to 5 g/L. Bacterial cells observed under electron microscopy were sticks ranging in length from 1.7 to 2 μm, with a diameter lower to 0.5 μm. Using the ZYM strip and API 50CH, positive reactions were observed for alkaline phosphatase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, β-galactosidase, 
